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FOREWORD 


This  report  documents  wind  tunnel  tests  of  a  series  of  20  gore  Disk-Gap-Band 
parachutes  to  determine  the  effects  of  gap  length,  band  length  band  billow,  and  cloth 
air  permeability  on  the  parachute  aerodynamic  characteristics.  Measurements  for 
the  steady-state  drag  force,  opening  shock  force,  oscillation  stability,  and  inflation 
stability  were  made  of  the  various  configurations  and  are  presented  in  tabular  and 
graphical  format. 
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INTRODUCTION 


The  purpose  of  the  wind  tunnel  test  was  to  obtain  engineering  data  for  use  in 
the  design  of  Disk-Gap-Band  (DGB)  parachutes.  Twenty-seven  model  parachutes 
were  constructed  to  evaluate  the  effects  of  cloth  permeability,  gap  length,  band 
length,  and  band  billow  width  on  the  infinite  mass  deployment  forces,  inflation 
characteristics,  stability,  and  drag-producing  qualities  of  the  DGB  design.  One 
hundred  twenty-one  test  runs  were  conducted  to  obtain  the  test  data.  Due  to  the 
limited  wind  tunnel  testing  time  available,  only  20  gore  canopies  were  tested.  The 
number  of  canopy  gores  may  be  another  performance  variable.  Steady-state-drag- 
force  tests  were  made  on  all  band  length  and  width  configurations,  but  deployment 
forces  were  measured  only  on  models  with  band  lengths  of  8  inches.  The  many 
possible  test  combinations  have  provided  a  large  quantity  of  interrelated 
performance  data. 
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SUMMARY 

The  wind  tunnel  tests  have  demonstrated  that  the  aerodynamic  drag  area, 
stability,  opening  force,  and  inflation  characteristics  of  the  model  parachutes  are 
determined  by  the  rate  of  airflow  through  the  canopies.  Model  parachute  airflow 
variation  was  controlled  by  the  cloth  permeability,  the  length  of  the  gap  between  the 
disk  and  the  band,  and  the  cloth  area  of  the  parachute  band. 

The  performance  of  the  model  parachutes  of  similar  geometric  configuration, 
varied  as  a  result  of  the  canopy  airflow  control.  Low  permeability  cloth  of 
specification  MIL-C-7219  together  with  a  minimum  gap  length  resulted  in  a  fully 
inflated,  high-drag  area  model  that  either  coned  about  the  center  line  of  the  wind 
tunnel  with  the  parachute  center  line  at  a  constant  shallow  angle  or  coned  and 
oscillated.  Identical  models  made  from  the  higher  rate  of  airflow  cloth  of  specification 
MIL-C-7020  had  improved  stability  and  a  reduced  drag  area  distribution.  These 
models  did  not  cone,  but  oscillated  at  shallow  angles  to  the  wind  tunnel  center  line. 
The  third  set  of  identical  models  was  manufactured  using  the  cloth  of  specification 
MIL-C- 17208.  This  highest  rate  of  airflow  cloth  further  reduced  the  available  drag 
area  for  the  same  geometric  configurations. 

All  models  with  the  MIL-C-7219  cloth  inflated  when  deployed  during  the 
opening  force  tests.  All  models  with  the  MIL-C-7020  cloth  inflated  when  deployed 
except  in  one  test  of  model  parachute  number  31  with  a  6-inch-gap  length  and 
Wb  =  6-1/16  inches.  The  model  did  inflate  in  subsequent  tests.  Band  inflation 
instability  in  the  steady-state  test  photographs  of  Figure  4  can  be  seen  in  test  run 
number  110.  Model  parachutes  made  from  the  MIL-C-17208  cloth  and  numbered  34, 
37,  and  40  with  a  gap  length  of  6  inches  and  Wb  =  4-9/16, 5-1/16,  and  6-1/16, 
respectively,  had  inflation  difficulties.  The  band  of  the  Wb  =  4-9/16  and  6-1/16 
models  did  not  inflate  while  the  Wb  =  5-1/16-inch  design  fully  inflated  once,  inflated 
after  a  time  delay  once,  and  failed  to  inflate  once,  see  Figure  4,  which  demonstrates 
that  the  boundary  of  inflation  reliability  has  been  achieved. 

The  forces  generated  by  the  inflating  parachutes  were  surprisingly  low.  Solid- 
cloth  parachutes  usually  deploy  with  "infinite  mass"  shock  factors  of  approximately 
1.8  to  2.  Maximum  inflation  force  factors  of  the  Disk-Gap-Band  parachute  are 
difficult  to  distinguish  from  snatch  factors  developed  from  accelerations  which  occur 
at  line  stretch.  The  apparent  cause  of  the  low  opening  force  factors  is  the 
considerable  damping  of  the  inflation  process  by  the  yet-to-be  inflated  band  cloth.  A 
detailed  discussion  of  the  data  is  presented  under  test  results.  The  variation  of  the 
dynamic  drag  area  during  inflation  is  linear  with  deployment  time  ratio. 
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MODEL  PARACHUTES 


All  models  were  constructed  as  per  Figure  1  using  the  materials  listed  in  Table 
1.  The  geometry  of  the  disk  is  identical  for  all  models.  The  band  length  was  initially 
constructed  12  inches  long  with  provision  for  modification  in  4-inch  increments.  The 
circumferential  tapes  on  the  band  provided  similar  hem  configurations  as  the  models 
were  modified.  Model  parachutes  were  constructed  with  gap  length  dimensions,  G,  of 
2, 4  and  6  inches  and  gore  billow  allowances,  Wb,  of  4-9/16, 5-1/16,  and  6-1/16  inches 
which  represent  gore  band  circumferences  of  less  than,  equal  to,  and  greater  than  the 
nominal  5-1/16-inch  disk  gore  skirt  hem  width.  An  initial  suspension  line  length  of 
60  inches  was  selected  as  representative  of  an  average  one  parachute  diameter 
length.  The  parachute  diameter  includes  the  length  of  the  two  band  and  gap  lengths 
along  with  the  central  disk  diameter.  Removal  of  the  4-inch- wide  band  panels  results 
in  a  lengthening  of  the  suspension  lines. 
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FIGURE  1.  20  GORE  DISK  GAP  BAND  PARACHUTE  MODEL 


TABLE  1.  MATERIALS  USED  IN  MODEL  PARACHUTE  CONSTRUCTION 


NSWC  TR  89-180 


CO 

LU 

M 

CO 

<N 

DC 

O 


CO 

CO 

5 

U 


CL 

> 


in 

<y» 


a 

< 

UJ 

QC 

X 


7/8 


NSWC  TR  89-180 


TEST  METHOD 


The  wind  tunnel  test  was  conducted  at  the  University  of  Maryland  Wind 
Tunnel.  This  facility  has  a  test  velocity  capability  of  200  mph  in  a  test  section  of  7 
feet  high,  1 1  feet  wide,  and  14  feet  long. 

An  instrumented  test  stand  was  installed  on  the  center  line  of  the  test  section  to 
electronically  record  the  steady-state  drag  forces  or  deployment  force-time  signatures 
of  the  various  parachute  models.  The  wind  tunnel  dynamic  pressure  variation  during 
deployment  tests  was  simultaneously  recorded  with  the  deployment  force.  Steady- 
state  drag  areas  and  deployment  maximum  load  factors  were  computed  by  the 
methods  discussed  in  the  test  data  reduction  program  and  are  furnished  in  the  data. 

A  test  sequence  consisted  of  attaching  a  model  parachute's  suspension  lines  to 
connectors  uniformly  distributed  around  the  circumference  of  a  3-inch-diameter- 
circle.  The  wind  tunnel  was  accelerated  to  200  mph  and  the  steady-state  drag  force 
and  dynamic  pressure  were  recorded  by  the  instrumentation.  When  the  wind  tunnel 
could  be  entered,  the  model  was  modified  by  removing  the  first  4-inch  length  of  the 
band.  The  parachute  was  then  packed  inside  the  test  stand  and  a  small  extraction 
parachute  attached.  When  the  wind  tunnel  attained  200  mph,  the  inflated  extraction 
parachute  was  released  and  deployed  the  model  from  the  test  stand.  After  the 
opening  force-time  measurements  were  obtained,  the  wind  tunnel  was  brought  back 
to  200  miles  per  hour  for  steady-state  data.  Each  model  was  deployed  twice.  After 
the  deployment  tests,  the  second  4-inch  band  segment  was  removed  and  the  steady- 
state  tests  repeated.  Motion  picture  and  still  photographic  coverage  of  selected  tests 
was  obtained  and  are  included  in  the  results. 
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DATA  REDUCTION 

The  test  data  was  reduced  by  means  of  the  following  formulas. 
PARACHUTE  STEADY-STATE  AERODYNAMIC  SIZE,  FT2 


C  dSq  = 


DRAG  COEFFICIENT  REFERENCE  AREAS 
Disk  Area 

_  NWR 
D  ~  2x144 

20x5.0625x  16 

S  d  —  - 

2x144 

SD  =  5.625  ft2 
Band  Area 

nwblb 

bB  144 

20WbLb 
bB  144 

Sb  varies  with  the  band  width  and  length  dimensions  of  the  particular  model 


Total  Canopy  Area 

Sj=SD  +  SB 
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The  several  areas  are  summarized  in  Figure  1. 


DRAG  COEFFICIENTS 


Based  on  disk  area 


CdSo 


Based  on  total  area 


CdSo 


Drag  coefficients  based  on  disk  area  and  total  area  are  presented  in  Table  2. 


SNATCH  FACTOR 

As  the  parachute  separates  from  the  test  stand,  the  flow  of  air  accelerates  the 
deploying  parachute.  Upon  reaching  line  stretch,  the  mass  of  the  parachute  and  the 
entrapped  air  must  be  decelerated.  This  sudden  deceleration  causes  a  short  duration 
force  to  be  applied  to  the  system. 

After  deployment  of  the  canopy,  the  steady-state  drag  force  is  not  necessarily 
recorded  at  the  same  dynamic  pressure  as  the  snatch  force  or  maximum  force. 
Therefore,  the  steady-state  drag  force  must  be  adjusted  for  the  variation  from  the 
steady-state  conditions. 


Adjusted  drag  force 


q  @  snatch  force 


dss 


Snatch  factor 


S.F. 


Snatch  Force 
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TABLE  2.  SUMMARY  OF  DISK-GAP-BAND 
PARACHUTE  WIND  TUNNEL 
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TABLE  2.  SUMMARY  OF  DISK-GAP-BAND 
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TEST  DATA  (Continued) 
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INFINITE  MASS  SHOCK  FACTOR 


The  infinite  mass  shock  factor  is  defined  as  the  ratio  of  the  maximum 
deployment  force  to  the  steady-state  drag  force  at  the  same  dynamic  pressure.  The 
steady-state  drag  must  be  adjusted  for  the  variation  between  the  dynamic  pressure  at 
Fmax  and  the  steady-state  condition. 


Adjusted  drag  force 


Infinite  mass  shock  factor 


K  = 


^max 


Shock  factors  are  presented  in  Table  2. 


CANOPY  DESIGN  DIAMETER,  D0 

The  constant  disk  surface  area,  SD  =  810  in2 


D0  =  32.1142  inches 


A  summary  of  normalized  gap  lengths,  G/Do,  band  lengths,  Lb/Do,  and  band 
widths,  Wb/Dq,  is  presented  in  Figure  1. 


23/24 


NSWC  TR  89-180 


TEST  RESULTS 


The  most  efficient  parachute  design  provides  acceptable  stability  and  opening 
force  limits,  together  with  a  maximum  drag  area  obtained  from  a  minimum  of  canopy 
cloth.  The  cloth  permeability,  gap  length,  band  length,  and  band  billow  width 
produce  numerous  mutually  related  effects  on  the  Disk-Gap-Band  parachute  drag 
area,  stability,  inflation  characteristics,  and  opening  force  performance.  The  reader 
should  keep  in  mind  that  in  order  to  structure  a  narrative  explanation  of  the  test 
results,  the  four  mutually  related  performance  areas  are  discussed  separately,  but  act 
concurrently. 


DISCUSSION  OF  THE  VARIATION  OF  DRAG  AREA  WITH  THE  SEVERAL  TEST 
PARAMETERS 

Figure  2  presents  the  interrelated  effects  of  cloth  permeability,  P;  gap  length,  G; 
band  length  Lb;  and  gore  billow  width,  Wb;  on  the  parachute  steady  state  drag  area, 
CdSo-  An  examination  of  Figure  2  provides  the  following  general  conclusions; 

a.  Reading  Figure  2  horizontally  for  a  constant  cloth  permeability  shows  that 
the  steady  state  drag  area  generally  decreases  as  the  gap  is  widened  from  2  inches  to 
6  inches. 

b.  Reading  Figure  2  vertically  for  a  constant  gap  width  and  a  varying  cloth 
permeability  shows  that  as  the  cloth  permeability  increases  the  parachute  steady- 
state  drag  area  generally  decreases. 

c.  As  the  band  billow,  Wb,  increases  the  steady-state  drag  area  increases. 
Additional  band  billow  may  be  desirable  to  further  improve  the  drag  area.  The  4- 
9/16-inch-band  billow  was  selected  as  smaller  than  the  disk  gore  hem  dimension  of  5- 
1/16  inches.  The  test  data  indicate  that  the  reduction  of  the  band  billow  substantially 
restricts  the  parachute  drag  producing  effectiveness.  The  discussion  of  the  test  data 
is  to  be  limited  to  the  optimum  test  band  billow  value  ofWB  =  6  1/16  inches. 

d.  The  maximum  steady-state  drag  area  generally  occurs  for  a  band  length  of  8 
inches,  (Lb/Do  =  0.2491).  The  notable  exception  is  the  MIL-C-7020  cloth  with  the  2- 
inch  and  6-inch  gaps.  The  4-inch  gap  data  shows  essentially  equal  steady-state  drag 
areas  for  band  lengths  of  8  inches  (Lb/Do  =  0.2491)  and  12  inches  (Lb/Do  =  0.3737). 
However,  the  change  in  steady-state  drag  area  does  not  warrant  the  additional  cloth 
required.  The  same  comments  are  applicable  to  the  4-inch  gap  data.  Here  is  an 
example  of  improving  the  design  efficiency  with  a  minimum  of  cloth  utilization: 

The  drag  area  of  the  MIL-C-7020  cloth  parachute  with  a  12-inch-band  length 
exceeds  the  drag  area  of  the  8-inch-band  length  by  8.2  percent.  This  increase  in  drag 
area  may  be  achieved  two  ways. 
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FIGURE  2.  EFFECTS  OF  GAP  LENGTH  AND  BAND  LENGTH  ON  THE  PARACHUTE 
DRAG  AREA  FOR  VARIOUS  BAND  BILLOW  ALLOWANCES 
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a.  Use  the  12-inch-band  length.  In  this  case  the  total  cloth  areas,  ST,  from 
Figure  1  are  15.729  ft2  for  the  12-inch-band  length  and  12.361  ft2  for  the  8-inch-band 
length. 


15.729 

Total  area  ratio  =  - =  1.27 

12.361 

With  this  approach,  the  8.2-percent  drag  area  increase  requires  a  27-percent 
increase  in  the  parachute  total  cloth  area. 

b.  A  better  design  method  is  to  increase  the  Do  diameter  of  the  parachute  by  4 
percent  and  design  a  slightly  larger  parachute. 

Drag  area  increase  factor  =  1.082  =  1.040 

then: 

New  diameter 

D0  =  1.04x32.1142 

D0  =  33.3988  inches 
New  billow  width 


WB  =  — —  x  D0 

U  o 

WB  =0.1888  x  33.3988 
WB  =  6.305  in. 

New  band  length 


lb 


Lb  -  0.2491  x  33.3988 
LB  =  8.32  in. 
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New  Band  Area 


SB 


NWbLb 

144 


SB  = 


20  WB  Lb 
144 


S  B  =  7.286  ft2 
New  Disk  Area 


Sd  - 


n  D 


2 

o 


4  X  144 


7133.3988  2 
D  ~  4  x 144 

S  D  =  6.084  ft 2 

New  Total  Cloth  Area 

S  y  =  SB  +  Sq 

S  T  =  6.084  +  7.286 
S  T  =  13.370  ft2 

Total  Cloth  Area  Increase 


13.370 

Total  area  ratio  =  -  =  1.082 

12.361 

Adding  area  to  the  efficient  drag-producing  disk  rather  than  only  to  the 
inefficient  drag-producing  stabilization  band  is  the  best  approach  to  minimum  cloth 
design  of  Disk-Gap-Band  parachutes.  Figure  3  is  a  replot  of  the  drag  area  data  as  a 
function  of  cloth  permeability.  The  increase  in  drag  area  as  the  band  billow,  Wb, 
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FIGURE  3.  EFFECTS  OF  CLOTH  PERMEABILITY,  GAP  LENGTH,  AND  BAND  BILLOW 
ON  THE  DISK-GAP-BAND  PARACHUTE  DRAG  AREA  FOR  LB  =  8  INCHES, 
Lr/Do  =  0.2491 
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increases  and  the  reduction  of  drag  area  with  increasing  gap  length,  G,  and  cloth 
permeability,  P,  are  evident.  The  drag  areas  have  a  uniformity  of  variation  except  for 
the  6-1/16-inch-band  billow  width  with  a  6-inch-gap  length.  The  2-  and  4-inch-gap 
lengths  show  a  variation  similar  to  the  4-9/16-  and  5-1/16-inch-band  widths. 
Extending  the  gap  to  6  inches,  for  Wb  =  6-1/16  inches,  results  in  a  reduction  of  drag 
area  for  the  MIL-C-7020  cloth  and  the  MIL-C-17208  cloth.  The  6-inch  gap  MIL-C- 
7020  cloth  configuration  experienced  failure  of  the  band  to  inflate  in  run  number  105 
while  all  of  the  6-inch  gap  MIL-C-17208  band  configurations  (runs  150  thru  154) 
failed  to  inflate.  Figure  4  is  a  composite  of  photographs  of  the  27  test  models  in  the 
steady-state  drag  condition.  Note  how  the  parachute  alignment  relative  to  the  wind 
tunnel  center  line  and  band  inflation  characteristics  change  as  the  cloth  permeability 
and  gap  length  increases. 

The  definition  of  parachute  stability  is  a  parachute  that  tends  to  return  to  the 
system  center  line  when  it  is  deflected.  The  MIL-C-7219  cloth  parachutes  of  Figure  4 
are  considered  as  unstable  under  this  definition.  The  remaining  parachutes  are 
stable  and  oscillate  at  small  angles  to  the  center  line.  The  theoretical  approach  to 
Disk-Gap-Band  parachutes  is  included  in  Reference  1. 

Low  permeability  cloths  generate  internal  pressure  sufficiently  high  to  fully 
inflate  the  canopy  band  for  all  gap  lengths  and  band  billow  widths.  The  lack  of 
airflow  through  the  canopy  cloth  results  in  the  development  of  destabilizing  lift  forces 
which  deflect  the  parachute  from  the  wind  tunnel  centerline.  Figure  5  compares  one 
cycle  of  motion  of  a  flat  circular  parachute  and  a  Disk-Gap-Band  parachute.  Both 
models  are  constructed  using  MIL-C-7219  cloth  in  order  to  maximize  the  instability 
effects.  The  Disk-Gap-Band  parachute  design  possesses  improved  inherent  lift 
control  which  reduces  the  canopy  tendency  to  deviate  from  the  trajectory.  The 
sustained  motion  of  the  flat  circular  canopy  was  mainly  a  coning  motion  at  the 
maximum  pitch  angle  while  the  Disk-Gap-Band  parachute  mainly  oscillated. 
Additional  airflow  through  the  canopy  controls  the  destabilizing  lift  force  and 
reduces  the  maximum  angle  of  oscillation  of  the  parachute. 

Figure  6  presents  the  maximum  oscillation  angles  measured  from  motion 
picture  coverage  for  the  several  models  with  Lb  =  8  inches.  Extending  the  gap  length 
generally  reduces  the  maximum  angle  of  oscillation  for  all  values  of  Wb.  The 
minimum  oscillation  angles  are  experienced  by  the  MIL-C-17208  cloth  parachutes. 

As  the  canopy  rate  of  airflow  is  augmented,  the  internal  pressure  is  reduced.  The 
MIL-C-17208  cloth  can  propagate  internal  pressure  to  inflate  the  band  with  gap 
lengths  of  2  inches  and  4  inches.  Extension  of  the  gap  to  6  inches  results  in  an 
uninflated  band  because  the  pressurized  zone  cannot  propagate  past  the  gap. 
Increasing  the  gore  billow,  Wb,  provides  additional  area  for  outflow  from  the  band 
which  also  contributes  to  lack  of  inflation.  Most  of  the  Disk-Gap-Band  parachute 
oscillations  were  less  than  the  maximum  angles. 
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CANOPY  CLOTH  MIL-C-7219,  TYPE  I 
PERMEABILITY  =  5.2  CFM/FT2 


CANOPY  CLOTH  MIL-C  7020,  TYPE  I 
PERMEABILITY  =  93.9  CFM/FT2 
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CANOPY  CLOTH  MIL-C-17208,  TYPE  I,  CLASS  C 
PERMEABILITY  =  237.0  CFM/FT2 


FIGURE  4.  PHOTOGRAPHS  OF  STEADY  STATE  INFLATED  PARACHUTE  CANOPIES  WITH  A 
BAND  LENGTH  OF  4  INCHES.  NOTE  THE  EFFECTS  OF  CLOTH  PERMEABILITY  ON 
THE  ALIGNMENT  OF  THE  PARACHUTES  WITH  THE  WIND  TUNNEL  CENTER  LINE 
AND  THE  FULLY  INFLATED  CANOPY  SHAPE 
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CANOPY  CLOTH  MIL-C-7219,  TYPE  I 


FLAT  CIRCULAR 

EFFECTIVE  LINE  LENGTH  =  1D0  DISK  GAP  BAND 


MAXIMUM  PITCH  UP 


MAXIMUM  YAW  TO  RIGHT 


MAXIMUM  PITCH  DOWN 


MAXIMUM  YAW  TO  LEFT 


FIGURE  5.  COMPARISON  OF  THE  OSCILLATIONS  OF  THE  SOLID  CLOTH  FLAT  CIRCULAR  AND 
DISK  GAP  BAND  PARACHUTES  AT  150  MPH 
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Change  1 


FIGURE  6.  EFFECTS  OF  CLOTH  PERMEABILITY.  GAP  LENGTH.  AND  BAND  BILLOW 

ON  THE  MAXIMUM  OSCILLATION  ANGLE  OF  THE  SEVERAL  PARACHUTES 
FOR  AN  Lb  =  8  INCHES 
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OPENING  SHOCK  FACTOR 


For  each  of  the  infinite  mass  opening  shock  tests,  the  parachute  was  packed 
within  the  test  stand.  When  the  wind  tunnel  velocity  reached  a  steady-state  of  200 
mph,  a  small  inflated  extraction  parachute  was  released  to  deploy  the  test  parachute. 
The  force  sensors  in  the  test  stand  were  electrically  connected  to  the  wind  tunnel 
recording  instrumentation  which  made  continuous  records  of  parachute  force  and 
wind  tunnel  dynamic  pressure  as  a  function  of  time.  Figure  7  shows  several  typical 
examples  of  the  data  presentation  which  were  selected  at  random.  The  upper  trace 
recoras  the  instantaneous  wind  tunnel  dynamic  pressure  and  the  lower  trace  is  the 
opening  force  variation.  Each  parachute  deployment  took  place  at  constant  wind 
tunnel  velocity.  After  inflation  the  parachute  caused  some  reduction  in  the  wind 
tunnel  velocity.  The  velocity  was  returned  to  approximately  200  mph  and  the  mean 
steady-state  values  determined.  The  infinite  mass  shock  factors  for  each  test  were 
calculated  by  the  data  reduction  formulas  and  are  listed  in  Table  2. 

The  DGB  parachute  exhibits  a  dynamic  drag  area  signature  that  is  linear 
during  the  inflation  process.  Figure  8  is  an  expanded  printout  to  illustrate  the 
linearity  of  the  dynamic  drag  area  during  inflation.  This  is  a  considerably  different 
inflation  characteristic  compared  to  the  fiat  circular  parachute.  The  opening  shock 
factors  are  much  less  than  the  1.8  to  2.0  usually  expected  with  solid  cloth  parachutes. 
Of  the  fifty-three  deployment  tests  conducted,  individual  opening  shock  factors 
exceeded  1.15  in  seven  of  the  tests  (runs  40, 41,  61,  84,  93, 128, 138).  The  limited  test 
data  for  each  configuration  was  averaged  together  and  tabulated  in  Table  3  together 
with  the  one  sigma  variation.  After  the  averaging  process  only  3  values  exceed  1.15. 
Test  runs  35, 151,  and  152  had  oscillations  of  the  steady-state  drag  force  that 
exceeded  the  maximum  opening  force.  The  average  shock  factors  of  Table  3  are 
plotted  in  Figure  9.  The  reduction  of  the  shock  factor  as  the  cloth  permeability 
increases  is  evident. 
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FIGURE  7.  TYPICAL  PARACHUTE  OPENING 
FORCE  TEST  RECORDS 
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FIGURE  8.  EXPANDED  OPENING  SHOCK  SIGNATURES  TO  DEMOSTRATE 
LINEARITY  OF  DRAG  AREA  DURING  INFLATION 
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TABLE  3.  SUMMARY  OF  AVERAGE  OPENING  SHOCK  FACTORS  FOR 
ALL  CONFIGURATIONS  Lg  =  8  INCHES,  Lg/DQ  =  0.2491 
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DISCUSSION 


The  results  of  these  tests  indicate  that  the  drag  area,  maximum  oscillation 
angle,  inflation  characteristics  and  opening  shock  forces  are  dependent  upon  the  cloth 
permeability,  length  of  the  gap,  and  the  amount  of  billow  allowance  in  the  band.  Due 
to  financial  and  wind  tunnel  testing  time  restraints,  the  effort  was  limited  to 
evaluating  canopies  of  twenty  gores.  The  steady-state  aerodynamic  drag  force  and 
oscillation  stability  were  measured  for  all  of  the  configurations.  However,  the 
opening  shock  forces  were  obtained  only  for  canopies  with  a  band  length  of  eight 
inches. 

The  linearity  of  the  dynamic  drag  area  during  the  inflation  process  and  the 
relatively  low  infinite  mass  opening  shock  factors  demonstrate  that  the  Disk-Gap- 
Band  parachute  performs  in  a  significantly  different  manner  than  the  solid  cloth 
parachute  from  which  it  was  derived.  In  most  designs  the  aim  is  to  maximize  the 
drag  area  of  the  canopy  using  a  minimum  of  cloth  for  a  configuration  that  is  capable 
of  sustaining  the  applied  design  opening  shock  forces  and  achieve  adequate  system 
stability.  Canopy  cloths  or  films  with  low  permeability  can  be  used  to  maximize 
parachute  drag  area.  The  oscillation  of  low  permeability  canopies  can  be  controlled 
by  increasing  the  length  of  the  gap.  Figure  6  illustrates  the  maximum  oscillation 
angle  measured  from  test  motion  picture  coverage.  Note  that  the  maximum  angle 
was  measured  to  the  outermost  suspension  lines  for  convenience  of  reference.  The 
oscillation  angle  of  the  parachute  center  line  is  less  than  the  maximum  angles.  Most 
of  the  oscillation  angles  were  less  than  the  recorded  maximum  angles.  Another 
approach  to  increasing  the  drag  area  is  to  add  billow  to  the  band  width,  although  this 
does  give  some  small  increase  in  the  maximum  oscillation  angle.  The  maximum 
oscillation  angle  generally  decreases  as  the  canopy  permeability  increases. 

Figures  2  and  3  show  the  effects  of  cloth  permeability,  gap  length,  and  band 
billow  on  the  parachute  drag  area.  As  the  band  billow  increases,  the  drag  area 
increases.  Inflation  instability  is  apparent  in  the  M3L-C-7020  and  M3L-C-17208 
cloths  for  a  gap  length  of  six  inches.  In  Figure  4,  photographs  of  inflated  parachute 
shapes  of  the  several  configurations  show  the  inflation  characteristics  of  the  steady- 
state  condition.  Note  the  less  obvious  band  inflation  instability  in  runs  110  and  148. 
The  band  length  of  all  Figure  4  parachutes  is  four  inches. 

Figure  5  compares  one  cycle  of  oscillation  stability  of  a  low  permeability  20-gore 
solid  cloth  parachute,  with  a  one  D0  suspension  line  length,  to  a  DGB  parachute.  The 
DGB  parachute  was  generated  by  adding  a  4-inch-long  band  spaced  at  a  length  of  six 
inches  from  the  solid  cloth  canopy  hem.  This  modification  produces  a  dramatic 
change  in  the  oscillation  characteristics  of  the  parachute.  The  suspension  line  length 
for  the  DGB  parachute  includes  the  canopy  central  disk  diameter,  plus  two  band 
lengths,  plus  two  gap  lengths.  The  various  dimensions  of  the  model  parachutes  used 
in  this  test;  i.e.,  band  length  and  billow  gap  length,  etc.,  have  been  normalized  to  the 
model  parachute  disk  D0  for  scaling  purposes  and  are  listed  in  Figure  1. 
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Instantaneous  opening  shock  force-time  data  and  wind  tunnel  dynamic 
pressure  during  inflation  were  recorded  by  the  wind  tunnel  instrumentation.  Figure 
7  is  a  graphical  print  out  of  randomly  selected  deployments.  The  wind  tunnel 
dynamic  pressure  remained  constant  during  the  inflation  process  indicating  true 
infinite  mass  deployment.  After  inflation,  the  parachute  caused  the  wind  tunnel 
velocity  and  the  dynamic  pressure  to  vary.  The  operator  raised  the  velocity  to  a 
steady-state  value.  Figure  8  is  an  expanded  time  axis  of  the  inflation  process  and 
shows  the  linear  variation  of  the  dynamic  drag  area.  Infinite  mass  opening  shock 
factors  are  presented  in  Figure  9.  The  test  data  and  results  are  tabulated  in  Table  2. 
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CONCLUSIONS 


1.  The  Disk-Gap-Band  parachute  performs  in  a  significantly  different  manner 
than  the  solid  cloth  parachute  from  which  it  was  derived. 

2.  The  parachute  drag  area,  maximum  oscillation  angle,  inflation  characteristics 
and  opening  shock  forces  depend  upon  the  cloth  permeability,  length  of  the  gap, 
length  of  the  band,  and  the  amount  of  billow  allowance  in  the  band. 

3.  The  dynamic  drag  area  signature  during  inflation  is  linear. 

4.  The  drag  area  can  be  raised  by  decreasing  the  cloth  permeability,  increasing  the 
band  billow,  and  decreasing  the  gap  length. 

5.  The  oscillation  stability  of  the  DGB  parachute  is  significantly  improved  over  a 
conventional  solid  flat  circular  parachute  with  the  same  canopy  cloth  permeability. 

6.  Adding  width  to  the  band  billow  causes  a  minor  increase  in  the  maximum 
oscillation  angle. 

7.  The  maximum  oscillation  angle  may  be  decreased  by  increasing  the  cloth 
permeability  and/or  increasing  the  gap  length.  The  band  length  may  also  affect 
performance,  but  was  not  demonstrated  in  these  tests. 

8.  Inflation  stability  depends  upon  cloth  permeability,  gap  length,  and  band 
billow. 

9.  The  DGB  parachute  infinite  mass  opening  shock  factors  are  relatively  low  and 
decrease  as  the  canopy  permeability  increases. 

10.  The  recommended  suspension  line  length  for  DGB  parachutes  is  the  diametrical 
distance  from  the  skirt  hem  of  the  band  to  the  opposite  skirt  hem  of  the  band  and 
includes  2  band  lengths,  plus  2  gap  lengths,  plus  the  diameter  of  the  central  disk. 

11.  The  investigation  was  limited  to  parachutes  of  twenty  gores.  Opening  shock 
measurements  were  obtained  from  only  canopy  configurations  of  8-inch-band  length. 
Further  tests  of  these  variables  should  be  conducted. 
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NOMENCLATURE 

Cdd  Drag  coefficient  referenced  to  area  of  disk 

Cdt  Drag  coefficient  referenced  to  total  canopy  cloth  area 

CdSo  Parachute  steady  state  aerodynamic  size,  FT2 

Do  Diameter  of  a  circle  having  the  same  area  of  the  disk  as  the  20  triangular 

disk  gore  sections,  FT 

F  Adjusted  steady  state  drag  force  at  the  snatch  force  dynamic  pressure,  LB. 

Fi  Adjusted  steady  state  drag  force  at  the  maximum  force  dynamic  pressure, 

LB. 

Fmax  Peak  force  at  deployment,  LB. 

Fss  Steady  state  drag  force,  LB. 

G  Length  of  the  parachute  gap,  IN. 

K  Infinite  mass  deployment  shock  factor 

Lb  Length  of  band,  IN. 

N  Number  of  gores  in  the  canopy 

P  Cloth  rate  of  airflow  under  a  pressure  differential 

of  1/2  inch  of  water,  CFM/FT2 

q  Dynamic  pressure,  pV2,  LB/FT2 

qss  Steady-state  dynamic  pressure,  LB/FT2 

R  Canopy  disk  constructed  radius,  IN. 

Sb  Canopy  band  area,  FT2 

Sd  Canopy  disk  area,  FT2 

S.F.  Snatch  factor 

St  Total  canopy  cloth  area,  FT2 

V  Test  velocity,  FPS 
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NOMENCLATURE  (Cont.) 

W  Width  of  the  disk  skirt  hem  between  gore  center  lines,  IN. 

Wb  Width  of  the  band  between  gore  center  lines,  IN. 
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